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I build information systems 
to support online 

Sensemaking



Explore and learn from data to 
make informed decisions



Picking restaurants on Yelp

Making an important purchaseResearching policies as a voter

Literature reviews Planning a trip

Explore and learn from data to 
make informed decisions



SearchLens
Expressing and Visualizing User Interests



Meta
Compare products across sources
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A Brief History



Agenda

What are the major paradigm shifts? 

What pushed the community towards these paradigm shifts? 

Upcoming trends… 

(Modern Web development and the React Framework)



Paradigm Shifts

• Static Webpages -> Dynamic Webpages 

• Dynamic HTML and Ajax  (so called “Web 2.0”) 

• Imperative -> Declarative



Tim Berners-Lee, 1989

“The dream behind the Web is of a common information 
space in which we communicate by sharing information. 

Its universality is essential:  
A hypertext link can point to anything”



http://www.cs.cmu.edu/~bam/uicourse/830spring20/schedule.htm

www.cs.cmu.edu

~bam/uicourse/830spring20/schedule.htm
schedule.htm

Static Webpages



schedule.htm





www.cs.cmu.edu/~bam/index.htm

www.cs.cmu.edu

~bam/uicourse/index.htm
index.htm

Static Webpages











Paradigm Shifts

• Static Webpages -> Dynamic Webpages 

• Dynamic HTML and Ajax  (so called “Web 2.0”) 

• Imperative -> Declarative



http://www.cs.cmu.edu/program.cgi

www.cs.cmu.edu

program.cgi <html generated on-the-fly>

Dynamic Webpages

Execute program.cgi





http://www.cs.cmu.edu/program.cgi

www.cs.cmu.edu

program.cgi 

<parameters> <generated html>

Dynamic Webpages

Execute program.cgi



Joseph

Chang
Hello, Joseph Chang



Perl PHP



PHP

Program logic embedded in HTML

<?php 

    … 

?>



http://www.cs.cmu.edu/program.cgi

www.cs.cmu.edu

program.cgi 

<parameters> <generated html>

Dynamic Webpages

Execute program.cgi Database

Stateful!





Paradigm Shifts

• Static Webpages -> Dynamic Webpages 

• Dynamic HTML and Ajax 

• Imperative -> Declarative



http://www.cs.cmu.edu/~bam/index.htm

www.cs.cmu.edu

~bam/index.htm
index.htm

Every User Interaction 

= 

Full page load



Dynamic HTML / “dHTML” (1997-)
http://www.cs.cmu.edu/

www.cs.cmu.edu

<html> + <javascript>



Dynamic HTML (1997-)



Dynamic HTML (1997-)



Selecting and Manipulating HTML Elements



Client-side Form Validation



Dynamic Webpages - JS Games



http://www.cs.cmu.edu/

www.cs.cmu.edu

dHTML (1997-)



Embedded Online Chat



http://www.cs.cmu.edu/

www.cs.cmu.edu

additional requests   
without page load

Ajax (1999-)



Embedded Online Chat



Shared Documents



Web Pages -> Web Applications



Backend -> Frontend



jQuery (2006-)

• Cross-browser compatibility 

• Made it easier to select and manipulate elements in the DOM tree 

• Impact: 

• Developers started building complex and reusable components



Selecting Elements with jQuery

var container =     

       document.getElementById(“container”) 

var buttons = [] 

for (var child in container.children) { 

    if (child.className == “button”) { 

      buttons.push(child) 

    } 

}

jQuery(“#container > .button”)

<div id=‘container’> 
     <div>….</div> 
     <div class=‘button’>….</div> 
     <div class=‘button’>….</div> 
     <div>….</div> 
</div>



Selecting Elements with jQuery

jQuery(“#container .button”)
<div id=‘container’> 
     <div>….</div> 
     <div class=‘button’>….</div> 
     <div> 
         <div class=‘button’>….</div> 
    </div> 
     <div>….</div> 
</div>

DOM tree traversal



jQuery Plugins

Reusable components with both program logic and DOM structures

jQuery( "#picker" ).datepicker()

<input id=“picker” value=“…”>



jQuery Plugins

Reusable components with both program logic and DOM structures

jQuery( "#picker" ).datepicker()

<input id=“picker” value=“…”>



jQuery Plugins



jQuery Pitfalls

• DOM tree with thousands+ of nested elements can be tedious to 
maintain and manipulation programmatically 

• Manually maintaining and syncing two sets of states 

• DOM element attributes 

• Javascript variables



JavaScript DOM Tree

Fetched new data New Element

User InteractionUpdate variable

Infinite Loops



JavaScript DOM Tree

Fetched new data New Element

User InteractionUpdate variable

Out of Sync



Paradigm Shifts

• Static Webpages -> Dynamic Webpages 

• Dynamic HTML and Ajax  (so called “Web 2.0”) 

• Imperative -> Declarative



D3 (2011) - Data-driven Documents



React

• Declarative 

• No DOM manipulation 

• Component-based 

• Reuse and encapsulation 

• Compose different 
components 

• One-way Data Flow

(2013)

.JSX



Re: Rendering to Virtual DOM

render()



Imperative

Declarative



Paradigm Shifts

• 1990s - Static Webpages -> Dynamic Webpages 

• 2000s - Dynamic HTML and Ajax  (so called “Web 2.0”) 

• 2015~  - Imperative -> Declarative



PHP React

Embed code in HTML in the backend Embed HTML in code in the frontend



Paradigm Shifts

• Increase in computation power 

• Backend: C++ -> PHP -> Python/Ruby/NodeJS 

• Frontend: Imperative -> Declarative



Re: Rendering to Virtual DOM

render()



Paradigm Shifts

• Increase in computation power 

• Backend: C++ -> PHP -> Python/Ruby/NodeJS 

• Frontend: Imperative -> Declarative 

• Browsers became more standard compliant 

• …and W3C are pushing out new standard specifications faster 

• Lowered effort for maintaining large frameworks



jQuery Browser Compatibility

jQuery.ajax(…)





Paradigm Shifts
• Increase in computation power 

• Backend: C++ -> PHP -> Python/Ruby/NodeJS 

• Frontend: Imperative -> Declarative 

• Browsers became more standard compliant 

• …and W3C are pushing out new standard specifications faster 

• Lowered effort for maintaining large frameworks 

• New standards and APIs 

• New software engineering tools 

• Transpiling Javascript, Static type-checking, package management, …



Going Forward

• React Native 

• Declarative framework for rendering native UI element on 
mobile 

• Progressive Web App 

• Bring more native app characteristics to Web Apps



Modern Web Apps

Nathan Hahn, April 16 2020

Development & Toolkits











CSS3

• Media Queries 

• Transitions and Animations 

• New Layout Types (Flexbox, CSS Grid) 

• Richer Unit Types (vw, vh, rem) and calc() 

• Graphics Transforms + Filters 

• Font Loading 

• Box Shadows, Gradients, Rounded Corners 

• Enhanced Selector Types



Flexbox

• Largely Constraint-Based 

• Allows for significantly 
richer layout options



Transforms + Filters



Aside: Browser Rending

https://developers.google.com/web/fundamentals/performance/rendering

Note: Layout and Paint can be skipped based on 
the CSS properties changed: i.e. shadows, color, or 
transforms 



Animations
Provide a consistent, simplified interface for animating 
certain CSS properties

transition: [*property] [*transition-duration] 
[transition-timing-function] [transition-delay]; 

transition: background-color 2s ease-out 0.5s;

Transitions



Animations
Keyframes

@keyframes bounce { 
  0% { 
    transform: scale(0.1); 
    opacity: 0; 
  } 
  60% { 
    transform: scale(1.2); 
    opacity: 1; 
  } 
  100% { 
    transform: scale(1); 
  } 
} 
.ball { 
  animation: bounce 2s infinite; 
} 



Animations

https://developer.mozilla.org/en-US/docs/Web/Performance/
CSS_JavaScript_animation_performance

They in most cases aren’t actually more performant than JS 
scripted animations!

Except … if they do not cause a layout change and have 
their own layer, they are completely GPU Animated

https://www.smashingmagazine.com/2016/12/gpu-animation-doing-it-right/



ES6 Javascript 
• Arrow Functions 

• Async (Promises, Await) 

• Modules 

• Variable Scoping (Let, Const) 

• Template Literals 

• Built-in Collection Functional Tools (map, reduce, etc.) 

• Sets, Map, WeakMap 

• Symbols 

• Classes 

• Proxies (Metaprogramming)

https://medium.com/@madasamy/javascript-brief-history-and-ecmascript-es6-es7-es8-features-673973394df4



Classes

function Employee() { 
    this.name = ''; 
    this.dept = 'general'; 
} 
function Manager() { 
  Employee.call(this); 
  this.reports = []; 
} 
Manager.prototype = 
Object.create(Employee.prototype); 
Manager.prototype.constructor = Manager; 

class Employee { 
  constructor() { 
    this.name = ''; 
    this.dept = 'general'; 
  } 
} 

class Manager extends Employee { 
  constructor() { 
    super(); 
    this.reports = []; 
  } 
} 



Modules

export const name = 'square'; 

export function draw(ctx, length, x, y, color) { 
  ctx.fillStyle = color; 
  ctx.fillRect(x, y, length, length); 

  return { 
    length: length, 
    x: x, 
    y: y, 
    color: color 
  }; 
} 

import { name, draw, reportArea, reportPerimeter } from './modules/square.js'; 

./modules/square.js

… some other file

… or lazily import('./modules/myModule.js') 
  .then((module) => { 
    // Do something with the module. 
  }); 



Arrow Functions

function square(x) { return x * x }; 

range(1, 7).map(x => x * x); //-> [1, 4, 9, 16, 25, 36, 49] 

var square = x => x * x; 
square(7); // 49 



const container = document.getElementById(‘container’); 
const btn = document.createElement(‘button’); 
btn.className = ‘btn red’; 

btn.onclick = function(event) { 
 if (this.classList.contains(‘red’)) { 
   this.classList.remove(‘red’); 
   this.classList.add(‘blue’); 
 } else { 
   this.classList.remove(‘blue’); 
   this.classList.add(‘red’); 
 } 
}; 

container.appendChild(btn); 



HTML Templates
<template id="template"> 
  <script> 
    const button =  
      document.getElementById('click-me'); 
    button.addEventListener('click', event => 
alert(event)); 
  </script> 
  <style> 
    #click-me { 
      all: unset; 
      background: tomato; 
      border: 0; 
      border-radius: 4px; 
      color: white; 
      font-family: Helvetica; 
      font-size: 1.5rem; 
      padding: .5rem 1rem; 
    } 
  </style> 
  <button id="click-me">Log click event</button> 
</template> 

const template = 
document.getElementById('template'); 

document.body.appendChild( 
  document.importNode(template.content, true) 
); 



What is React? 

A Declarative, Component-Based library  
for building web applications



Components

class Button extends React.Component{ 
  this.state = { color: 'red' } 

  handleChange = () => { 
    const color = this.state.color === 'red' ? 'blue' : 
'red'; 
    this.setState({ color }); 
  } 

  render() { 
    return (<div> 
      <button  
         className={`btn ${this.state.color}`} 
         onClick={this.handleChange}> 
      </button> 
    </div>); 
  } 
}



JSX

const element = ( 
  <h1 className="greeting"> 
    Hello, world! 
  </h1> 
); 

const element = React.createElement( 
  'h1', 
  {className: 'greeting'}, 
  'Hello, world!' 
); 

Technically syntactic sugar 

Effectively allows us to write HTML 
templates and combine them with 
Javascript control flow

function getGreeting(user) { 
  if (user) { 
    return <h1>Hello, {formatName(user)}!</h1>; 
  } 
  return <h1>Hello, Stranger.</h1>; 
} 



Props + State
function Welcome(props) {
  return <h1>Hello, {props.name}</h1>;
}

function App() {
  return (
    <div>
      <Welcome name="Sara" />
      <Welcome name="Cahal" />
      <Welcome name="Edite" />
    </div>
  );
}

ReactDOM.render(
  <App />,
  document.getElementById('root')
);

class Button extends React.Component{
  this.state = { color: 'red' }

  handleChange = () => {
    const color = this.state.color === 'red' ? 'blue' : 'red';
    this.setState({ color });
  }

  render() {
    return (<div>
      <button 
         className={`btn ${this.state.color}`}
         onClick={this.handleChange}>
      </button>
    </div>);
  }
}



Lifecycle



Reconciliation During Render

1. Skip to highest level setState 

2. Look at the node — if it has changed type, rebuild the entire tree 

3. Any changes to the DOM node are recorded 

4. The the algorithm proceeds through the children 

1. If the number of children are changing programmatically, in order to 
appropriately preserve state for the child, a key should be used to 
identify it



Fiber

https://indepth.dev/inside-fiber-in-depth-overview-of-the-new-reconciliation-algorithm-in-
react/

Render Phase Commit Phase

Produce a new Fiber 
tree based on the 
previous one.  

Run render on node + 
children and create 
“working” tree

Utilize the linked list to 
quickly update the DOM 
synchronously



Skipping the Render
Render can still be super expensive (depending on effects, logic, etc) 

Ideally we want a short of a render as possible

shouldComponentUpdate(nextProps, nextState) {
  return true;
}

Ideally components should be “Pure” — only if their props or 
state has changed should they update

shouldComponentUpdate(nextProps, nextState) {
  return this.props !== nextProps || this.state !== nextState
}



Skipping the Render



Moving Further into Declarative
Higher Order Components

A way to bind additional data and functionality to an 
existing component

    // Take in a component as argument WrappedComponent
    function withNameReact(WrappedComponent) {
      // And return a new anonymous component
      return class extends React.Component{
        render(){
          return <WrappedComponent
                    name="React"
                    {...this.props} />;
        }
      }
    }



Moving Further into Declarative
Functional Components

Simplify components even further — a component which 
response purely to its props (no state, no lifecycle)

function App() {
  const greeting = 'Hello Function Component!';
  return <Headline value={greeting} />;
}
function Headline(props) {
  return <h1>{props.value}</h1>;
}

const MyComponent = React.memo(function MyComponent(props) {
  /* render using props */
});

Easy to shortcut rendering as well!



Moving Further into Declarative
Hooks

Give functional components 
state! But still have them be 
as “Pure” as possible

function Example() {
  // Declare a new state variable, which we'll call "count"
  const [count, setCount] = useState(0);

  useEffect(() => {
    document.title = `You clicked ${count} times`;
  }, [count]); // Only re-run the effect if count changes

  return (
    <div>
      <p>You clicked {count} times</p>
      <button onClick={() => setCount(count + 1)}>
        Click me
      </button>
    </div>
  );
}



Lifting up State

Where should the state for 
what’s in the cart go?



Lifting up State

Where should the state for 
what’s in the cart go?



A

Lifting up State

Well, then how do we add 
things to the cart and 
display them using 
“MyCart”?

addToCart()

addToCart()function MyApp() {
const [cart, setCart] = useState([]);

const addToCart = (item) => {
setCart(c => […c, item])

}
}

cart



Context
class App extends React.Component {
  render() {
    return <Toolbar theme="dark" />;
  }
}

function Toolbar(props) {
  // The Toolbar component must take an extra "theme" prop
  // and pass it to the ThemedButton. This can become painful
  // if every single button in the app needs to know the theme
  // because it would have to be passed through all components.
  return (
    <div>
      <ThemedButton theme={props.theme} />
    </div>
  );
}

class ThemedButton extends React.Component {
  render() {
    return <Button theme={this.props.theme} />;
  }
}



Context// Context lets us pass a value deep into the component tree
// without explicitly threading it through every component.
// Create a context for the current theme (with "light" as the default).
const ThemeContext = React.createContext('light');

class App extends React.Component {
  render() {
    // Use a Provider to pass the current theme to the tree below.
    // Any component can read it, no matter how deep it is.
    // In this example, we're passing "dark" as the current value.
    return (
      <ThemeContext.Provider value="dark">
        <Toolbar />
      </ThemeContext.Provider>
    );
  }
}

class ThemedButton extends React.Component {
  // Assign a contextType to read the current theme context.
  // React will find the closest theme Provider above and use its value.
  // In this example, the current theme is "dark".
  static contextType = ThemeContext;
  render() {
    return <Button theme={this.context} />;
  }
}

// A component in the middle doesn't have to
// pass the theme down explicitly anymore.
function Toolbar() {
  return (
    <div>
      <ThemedButton />
    </div>
  );
}



Redux



Redux



Redux

import React from 'react'
import ReactDOM from 'react-dom'

import { Provider } from 'react-redux'
import store from './store'

import App from './App'

const rootElement = document.getElementById('root')
ReactDOM.render(
  <Provider store={store}>
    <App />
  </Provider>,
  rootElement
)



Redux
import { connect } from 'react-redux'
import { increment, decrement, reset } from './actionCreators'

const Counter = function({counter, increment}) {
return <div onClick={() => increment()}>

{counter}
</div>

}

const mapStateToProps = (state /*, ownProps*/) => {
return {

counter: state.counter
}

}

const mapDispatchToProps = { increment, decrement, reset }

export default connect(
mapStateToProps,
mapDispatchToProps

)(Counter)



Redux
Hooks

import React, { useCallback } from 'react'
import { useDispatch, useSelector } from 'react-redux'

export const CounterComponent = () => {
const counter = useSelector(state => state.counter)
const dispatch = useDispatch()
const incrementCounter = useCallback(

() => dispatch({ type: 'increment-counter' }),
[dispatch]

)

return (
<div>

<span>{counter}</span>
<button onIncrement={incrementCounter}>Increment</button>

</div>
)

}



Immutability

Props should always be read-only! — except JS lets us change 
them anyways. 



Immutability

let user = { name: "James Doe", location: "Lagos" }
let newUser = user
user.location = "Abia"
console.log(newUser.location) // "Abia"

let state = { name: "James Doe", location: "Lagos" }
state.location = "Abia"
setState(state);
//If Pure — Nothing will happen



Immutable.js

const { Map } = require("immutable");
const map1 = Map({ a: 1, b: 2, c: 3 });
const map2 = map1.set('b', 50);
map1.get('b') + " vs. " + map2.get('b'); // 2 vs. 50
map1 !== map2 //true



Immer

import produce from "immer"

const baseState = [
    {
        todo: "Learn typescript",
        done: true
    },
    {
        todo: "Try immer",
        done: false
    }
]

const nextState = produce(baseState, draftState => {
    draftState.push({todo: "Tweet about it"})
    draftState[1].done = true
})

// the new item is only added to the next state,
// base state is unmodified
expect(baseState.length).toBe(2)
expect(nextState.length).toBe(3)

// same for the changed 'done' prop
expect(baseState[1].done).toBe(false)
expect(nextState[1].done).toBe(true)

// unchanged data is structurally shared
expect(nextState[0]).toBe(baseState[0])
// changed data not (dûh)
expect(nextState[1]).not.toBe(baseState[1])



    <GroupContainer
      style={{
        marginBottom: subEntities.length * 7 + 10
      }}
      className="cardGroup"
    >
      <DraggableCard
        project={project}
        entity={entity.id}
        style={{ zIndex: 11 }}
      >
        <EntityCard
          entity={entity}
          project={project}
          projWindow={window}
          subEntities={subEntities}
        />
      </DraggableCard>
      {subEntities.map((child, idx) => (
        <ChildEntity
          key={child.id}
          style={{ top: idx * 6 - 4, left: idx * 3 + 3, zIndex: 10 - idx }}
        />
      ))}
    </GroupContainer>



Typescript

function greeter(person: string) {
    return "Hello, " + person;
}

let user = [0, 1, 2];

document.body.textContent = greeter(user);

tsc error TS2345: Argument of type 'number[]' is not 
assignable to parameter of type 'string'. 

greeter.js











Webpack

<script type="module" src="Sort.js"></script>
<script type="module" src="Filter.js"></script>
<script type="module" src="Group.js"></script>

.

.

.



It’s a Bundler





Configurationconst webpack = require("webpack");

module.exports = {
  // Where to start bundling
  entry: {
    app: "./entry.js",
  },
  // Where to output
  output: {
    // Output to the same directory
    path: __dirname,

    // Capture name from the entry using a pattern
    filename: "[name].js",
  },
  // How to resolve encountered imports
  module: {
    rules: [
      {
        test: /\.css$/,
        use: ["style-loader", "css-loader"],
      },
      {
        test: /\.js$/,
        use: "babel-loader",
        exclude: /node_modules/,
      },
    ],
  },
};

  // What extra processing to perform
  plugins: [
    new webpack.DefinePlugin({ ... }),
  ],

  // Adjust module resolution algorithm
  resolve: {
    alias: { ... },
  },

Additional Features



https://dev.to/netlify/choosing-a-javascript-build-tool-to-config-or-not-config-2ia8





modules/bootstrap/…



• Repository for javascript packages 

• Simple command line for adding packages to a project 

• Provides a consistent language for libraries to make themselves available 
to others 

• Tracks the list of dependencies for a module along with the version 

• Provides a way to execute package binaries






